Despite widespread interest in documenting the blood parasites of birds (e.g. Loye and Zuk 1990), there is little information available on the haematozoa of species occurring in arctic regions. Laird (1961) reported that none of the 149 individuals of 23 bird species he sampled on Prince of Wales Island (72-740N, 96-1030W) during one summer harbored haematozoa, but no other intensive surveys have been done of North American arctic-nesting birds. In a review of haematozoan prevalence in North American birds, Greiner et al. (1975) indicate that less than 3% of birds sampled from the "arctic barrens" (their region 6) were parasitized, but they provide no further information on the sample of birds involved in this analysis.
In this paper, we report on the haematozoa found in 276 breeding birds of 10 species sampled in the course of field studies of their behavior and ecology at four very different arctic sites. While some of these species have been sampled for haematozoa before, our samples allow us to compare haematozoa prevalence between habitat types, both within and between sites. We also discuss the implications of our findings for recent comparative analyses of parasite prevalence in relation to plumage brightness in birds (see Moiller 1990 Montgomerie et al. 1983 for details), more than 1,000 km north of the northern limit of trees at this longitude (Danks 1981 At Sarcpa Lake, Churchill and on St. Paul Island, all blood smears were taken from adult breeding birds; at Fort Simpson, they were taken from 25 adult breeders and 13 goslings. Adults of both sexes were represented in all samples except Horned Larks (females only).
RESULTS AND DISCUSSION Sarcpa Lake, Northwest Territories. No haematozoa were found in the 79 individual birds of four species sampled at Sarcpa Lake (Table 1) . Both Rock Ptarmigan (Lagopus mutus) and Lapland Longspurs (Calcarius lapponicus) were sampled during the breeding season in three different years; nine individual Rock Ptarmigan and two individual Lapland Longspurs were sampled in more than one year. Thus, the absence of haematozoa in breeding birds at this site appears to be a general phenomenon.
Forty-three individuals of the same four species also were sampled by Laird (1961) Greiner et al. 1975 ). Thus, the absence ofhaematozoa in these species on the high arctic tundra is not a species-specific phenomenon, but rather seems to be site-related. The complete absence of avian haematozoa from birds nesting in high arctic regions is almost certainly due to the absence of suitable vectors (see also Laird 1961 , Greiner et al. 1975 , especially the various species of ornithophilic black flies (Simuliidae; see Danks 1981) . The fact that haematozoa have been found in both Homed Larks and Rock Ptarmigan nesting south of the arctic treeline supports this argument. The four bird species sampled at Sarcpa Lake also winter mainly in the northern half of North America where there would be no active vectors for haematozoa in the winter. Thus, the only potential vectors for haematozoa that they might have encountered on the breeding grounds are mosquitoes (Culicidae). Mosquitoes are not particularly common at Sarcpa Lake, but it is also possible that arctic species do not act as vectors for avian haematozoa.
Churchill, Manitoba. Haematozoans were found in at least some individuals of all four passerine species sampled at Churchill (Table 1) . Leucocytozoonfringillinarum was found in all four bird species, Trypanosoma avium in all but the longspur, and Haemoproteus macropigmentatus and H. chloris only in the two redpolls. Parasite intensities were low (_ 10 infected cells per 100,000 examined) in all birds except seven individual redpolls that had up to 500 infected cells per 100,000 examined.
Parasite prevalence was highest (63-100%) in the three species that primarily occupy treed habitats and nest mainly within the treeline: the White-crowned Sparrow (Zonotrichia leucophrys) and the two redpolls (Carduelisflammea and C. hornemanni; Table 1 (Table 1) . This is consistent with the finding of Greiner et al. (1975) who recorded no haematozoa in four other species of alcids from the north temperate zone. We can again attribute the absence of haematozoa in the Alcidae, in general, to the absence of vectors in their nesting habitat on windy, treeless oceanic islands or at sea.
CONCLUSIONS
We conclude from this study that blood parasites are virtually absent in bird species nesting on the open tundra. Although the evidence presented here indicates that this pattern is due to the absence of suitable vectors on the treeless tundra, this hypothesis will need to be tested critically by actually sampling vectors (see Bennett 1960 for suitable methods). It is possible, for example, that tundra-nesting birds are either avoided by suitable vectors or are more resistant to parasite infection than forest-dwelling species. This seems unlikely because two species that we studied (Rock Ptarmigan and Horned Lark) have haematozoa in the boreal forest zone but not on the arctic tundra. Similarly, at Churchill, there was a striking difference in parasite prevalence across species between habitats often separated by only a few hundred meters. Thus, neither a species-specific difference in parasite resistance nor a difference in vector behavior due to climate appear to be able to account for the scarcity of haematozoa in tundra-nesting birds.
Combined with previously published work, the results of our study suggest that birds nesting on the arctic tundra and on small oceanic islands typically lack haematozoa. Among passerine bird species, in particular, only those populations nesting on the arctic tundra have been found consistently without blood parasites.
Our results also have implications for analyses of the relation between blood parasites and plumage brightness in birds. For the past decade, there has been intense interest in the hypothesis (Hamilton and Zuk 1982) that female birds might use male plumage color as an honest signal of parasite resistance. Hamilton and Zuk (1982) predicted, and found, a positive relation between blood parasite prevalence and plumage brightness across North American passerines. Subsequent workers have found evidence both for and against this prediction (see Moller 1990 for review). Our study indicates that tundra-nesting species should not be used in any comparative tests of the Hamliton-Zuk hypothesis because inter-and intraspecific variation in plumage color in these species cannot be related to variation in parasite prevalence or intensity. Thus, plumage differences between male Horned Larks (dull), Lapland Longspurs (brighter) and Snow Buntings (brightest) as well as intraspecific variation in the plumage of both male and female Lapland Longspurs (Montgomerie, unpublished data) cannot be explained by haematozoa infestations.
Our analyses also suggest that not only the presence of vectors, but also their relative abundance in different microhabitats (see Greiner et al. 1975 ), may influence parasite prevalence both within and among species. Vector abundance has so far not been taken into account explicitly in tests of the Hamilton-Zuk hypothesis and could potentially account for some of the apparent correlations with plumage brightness.
